Abstract
habitats (Manacop, 1953) . Newly hatched larvae of amphidromous species immediately drift 56 down to the sea where they grow for months (Radtke et al., 1988; . At the 57 end of their larval stage, they return to estuaries and settle in rivers to complete their life 58 cycle as juveniles and adults (McDowall, 2007) . Amphidromy is widespread among fish 59 species (McDowall, 1988) mortality could be as high as 50 % per hour for Sicydium species. In this context, it is likely 75 that amphidromous species have developed different strategies for reducing the mortality of 76 their larvae when drifting in freshwater streams and rivers (McDowall, 2009) . 77
Superimposed on these natural risks of mortality, drifting larvae of amphidromous fishes 78 also face numerous anthropogenic threats. Alteration of the river continuity and the 79 hydrological regimes due to dams can reduce the access to growing spawning habitats 80 and/or their availability (Brasher, 2003; Cooney and Kwak, 2013) . Larval survival can also be 81 severely impaired by dams since an important part of the drifting larvae can be entrained 82 within the diverted waters (Benstead et al., 1999) . Moreover, alteration of downstream flow 83 regime can increase the risk of river droughts, the duration of these droughts, and can also 84 result in the closure of the river mouth (Lill et al., 2013) . The consequences of these flow
The main objective of this study was to establish the spatiotemporal patterns in drifting 116 larvae of S. lagocephalus and C. acutipinnis. As the number of drifting larvae should reflect 117 both direct (i.e. on the larvae), and indirect (i.e. on the spawning population) disturbances, 118 the ultimate aim was to evaluate the advantages of surveying drifting larvae for assessing 119 the biotic integrity of tropical rivers. 120
Material and methods

121
Sampling sites 122
The study was conducted in two sites along the watershed of the Mât River on the east side 123 of Réunion Island (Fig. 1 ). This torrential river flows over 36.3 km from its spring at 2 850 m 124 a.s.l. Important hydrological variations are recorded between the dry and the rainy seasons, 125 this latter spanning from November to April, and during which short and intensive cyclonic 126 floods with peak discharge up to three hundred times the mean annual discharge can occur 127 S. lagocephalus, C. acutipinnis, freshwater eels (Anguilla spp.) and "chevaquines" shrimps 136 (Atyoida serrata) can usually reach upstream habitats thanks to their climbing capacities. 137
The riverine habitat was very similar in both sites with no canopy cover and running water 138 over a substratum mainly composed of small boulders and cobbles. Such substratum 139 composition is suitable for S. lagocephalus and C. acutipinnis to build their spawning-nests 140 (Teichert et al., 2013a) , and eggs clutches have been observed under boulders and cobbles in 141 both sites (R. L., personal observations). This observation is consistent with a previous study, 142 which observed eggs clutches in different places of the Mât River from 7 to 20 km to the sea 143 (Teichert et al., 2013a Each net was set separately but the second net was always set within a period never 184 exceeding 10 min after setting of the first net. Using two nets quasi simultaneously, one of 185 the nets having a random position in the river, allowed to take into account the eventual 186 heterogeneity in the spatial distribution of larval flow along the cross section of the river. In 187 order to save time, if no larvae were observed in the first two two-nets samples, only two to 188 five two-nets samples were performed. twice. Larvae were transferred to a counting dish. All the larvae in the counting dish were 209 counted by removing each individual using a 15 µL micropipette (Bell, 2007) . The total 210 number of larvae (N larvae ) was the sum of all the larvae captured at the end of the three 211 decants process. For each sample, the larvae were placed in a labeled 1 mL Eppendorf® and 
where N larvae is the number of larvae caught in the net, V net is the sampled volume (m
) and 225
Q river is the river discharge (m 3 .s
Differences in larval flow between each net of the two-net samples were tested for the 227 whole data set using a paired Student t-test. When no significant difference was detected, 228 the mean value of both nets was used as an estimate of the instantaneous larval flow. 229
Genetic identification of species 230
No morphological criteria discriminate the larvae of S. lagocephalus and C. acutipinnis 231 (Teichert, 2012) . The larvae of both species present the same size, shape, color and a similar 232 repartition of their chromatophores. Criteria commonly used for morphological 233 identification of amphidromous fish larvae (Lindstrom, 1999 In each site, the diel variations of instantaneous larval flow were analyzed using periodic 255 linear regressions as proposed by Bell (2007) . Only the sampling sessions during which more 256 than 100 larvae were caught and spanning over a minimum of 24 hours were used to fit the 257 regressions (four dates for Site 1 and seven dates for Site 2). Regarding to the very low 258 proportion of C. acutipinnis larvae captured during most of these dates (see results), it 259 appeared impossible to consider this species separately in the analyses. Indeed, the 260 estimated number of C. acutipinnis larvae per sampling session was always less than 100 for 261 all the dates. Periodic linear regressions are frequently used to model predictable cyclical 262 events and allow the use of time as a continuous variable rather than a series of arbitrary 263 categories (Bliss, 1958; Bell, 2008) . This is particularly appropriate for our study as the time 264 interval between two successive two-net samples (from two to four hours) and the number 265 normal distribution (quantile-quantile plot) to verify the assumption of normality. The 275 significance of parameters was calculated based on the F-statistic using the Satterthwaite's 276 approximation method for fixed part and on likelihood ratio tests for random part (χ² tests). 277
The peak position (P, hour of the day) was determined for each periodic linear model from 278
This peak was considered significant even if one part of the periodic model (i.e. β 1 or β 2 ) was 283 not significant because cycles cannot be expressed in less than two dimensions (Bell, 2007) . 284
As the random part appeared significant for each site (see results), periodic linear models 285
were adjusted for each of the 11 sampling sessions (four for Site 1 and seven for Site 2) 286 according to equation (5) The diel abundance of larvae corresponds to the number of larvae drifting through the river 293 cross section during 24 hours. Since the intervals between two-nets samples within a 294 sampling session were not constant, and as the larval flow varied with time during a 295 sampling session, a simple arithmetic mean of larval instantaneous flow (q larvae ) did not 296 appear adequate to estimate the diel abundance of larvae. Diel abundances of larvae (A larvae , 297
ind.day -1 ) were thus obtained by integrating the instantaneous larval flow values obtained 298 over 24 hours (Fig. 2) according to equation (6): 299
where n is the number of two-nets samples obtained during a sampling session, t̅ is the 300 mean time of sampling (s) of the two-nets sample ((t net1 +t net2 )/2; with t net1 and t net2 the 301 median times of sampling for each net, respectively) ranging from t̅ 1 = 0 to t̅ n =D total , D total 302 corresponds to the total sampling duration (s) of the sampling session and q ̅ larvae is the mean 303 value of instantaneous larval flow (ind.s -1 ) of the two-nets sample ((q larvae _ net1 + q larvae _ net2 )/2). The measured river discharge ranged from 0.6 to 3.6 m 3 .s -1 in Site 1 and from 2.7 to 317 11.6 m 3 .s -1 in Site 2 (Table 1) . Maximum values of river discharges were observed during the 318 first sampling sessions after the cyclonic flood and then decreased the following months. 319
The genetic identification of larvae at the species level was successfully achieved for 746 320 individuals (between 33 and 56 larvae per sampling session) among the 768 larvae randomly 321 selected. A total of 668 larvae (90 %) presented the alleles of S. lagocephalus whereas 78 322 (10 %) presented the allele 166 of C. acutipinnis (Table 1) illustrated that the larval flow was similar across the river's section (Fig. 3) . As a 335 consequence, the mean value (q ̅ larvae ) of both nets was used for the following analyses. 336
The instantaneous larval flow (q ̅ larvae ) varied along the day with diel coefficients of variation 337 varying from 17.2 % to 141.4 % for Site 1 and from 41.5 % to 300.0 % for Site 2. The diel 338 pattern of larval flow generally showed a unique peak, sometimes two peaks (Fig. 4) . 339
In Site 1, the part of variance explained by fixed periodic parameters β 1 and β 2 was not 340 significant, reflecting the absence of consensual diel periodic effect (Table 2, Fig. 4a) . 341
Oppositely, the fixed periodic parameters estimated for the Site 2 explained a significant 342 part of larval flow variability and predicted a consensual peak of larval flow at 22:30 (Table 2 , 343 Fig. 4b ). The random periodic parameters included in each model explained a significant part 344 of variance (χ² test, df = 3, P < 0.05 in both sites), reflecting that the hour of the day had an 345 effect on the larval flow for some sampling sessions. 346
The periodic linear models adjusted separately for each sampling session were consistent 347 with the observed values of larval flow (Fig. 4) . For Site 1, the part of variance explained by 348 the parameters β n , 1 and β n , 2 , used to estimate the location of the peaks, was only significant 349 
Diel abundance of larvae and seasonal larval flow 356
The diel abundance of larvae ranged between 0 and 17 x 10 6 larvae.day -1 for Site 1 (Fig. 5a)  357 and between 0 and 44 x 10 6 larvae.day -1 for Site 2 (Fig. 5b) . In both sites, a marked maximum 358 was observed in January-February. A good concordance was observed in both sites between 359 the highest diel abundances of larvae and the highest values of river discharge. 360 D r a f t 14 A weak but significant diel pattern of larval drift was observed for both species of Sicydiinae 363 in the downstream site, showing a consensual peak of larvae few hours after sunset. The 364 same pattern has been reported in similar tropical contexts for several amphidromous 365 gobies (Lindstrom, 1998) , and among them Sicydiinae species (Bell, 2007) However, evaluation of species richness would be easier and more efficient using 470 environmental DNA methods (Valentini et al., 2015) . Anyway, the challenge will be to obtain 471 unbiased estimation of numbers of larvae for several species in order to use monitoring 472 larval data as complementary indicators of the biotic integrity of riverine habitats. 473
Before using larval drift for assessing the biotic integrity of riverine habitats, numerous gaps 474 in the knowledge about the biology and ecology of amphidromous species have to be filled. 475
Firstly, knowing how far each species is present upstream to a monitoring site is mandatory. 
D r a f t
